Simple Stress and Strain 
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For the specific case of equal strains along the two axes, we have e x — e y , so that 
Eqs. (1.8) and (1.9) reduce to the form 
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Suppose now that a cubic inch of material is subjected to a single tensile stress 
S x . Figures 1.2. and 1.3 show that the areas under the load-deflection curve and 
the corresponding stress-strain curve represent the amount of the work done on this 
material. Assuming that, within the elastic limit, the amount of this work is equal 
to the elastic energy stored, we can state that 
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In Eq. (1.11a), the stress along the y axis is made equal to zero. Since e x now 
follows from Eq. (1.3) 
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combining Eqs. (1.11a) and (1.11b) gives the principal formula for the unit strain 
energy 
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Following identical reasoning, the unit strain energy can be obtained for the 
case when a unit volume of material is acted upon by two tensile stresses, S x and 
S y , along the orthogonal axes x and y. This should yield 
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A typical three-dimensional state of stress is found, for instance, in the walls of 
a pressure vessel. This involves hoop, meridional, and radial components of stress 
which resist pressure and temperature loading. The extension of Hooke’s law to 
the triaxial state of stress indicates the following basic relations: 
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